Abstract: To improve the quality of trauma care, we adopted the TRISS methodology in Japan from 1995, but have faced difficulties judging the preventability with reliability and objectivity by peer review. In this study, the authors designed and verified a new objective scale based on CT classification and the Glasgow Coma Scale to extract non-preventable death. All trauma patients admitted to 10 designated trauma and emergency medical centers around the Tokyo metropolitan area from April 1, 1994, until March 31, 1996, were reviewed.
Introduction
Outcome studies have carried out in many institutions and countries1-10) and have improved the quality of trauma. Preventable trauma death (PTD) is the most sensitive indicator of outcome at present. Boyd et al.11) developed a trauma injury severity score (TRISS) methodology to calculate the probability of survival (Ps) in 1987. Unexpected death was defined as death that occurred when the Ps exceeds 0.5. Expert peer review was used to investigate unexpected deaths and judge them either preventable or non-preventable.
We have used the TRISS methodology in Japan from 199512,13), but have faced difficulties in judging preventability with reliability and objectivity by peer review. One of the most frequent reasons for non-preventable death when the Ps exceeds 0.5 was severe head injury without other fatal trauma. In this study, we designed and verified a new objective scale based on CT classification and the Glasgow Coma Scale to extract non-preventable death. For each case, the age, sex, cause of injury, admission method, parameters of revised trauma score (RTS 15 ~) including the Glasgow Coma Scale ( GCS 16)) , systolic blood pressure, respiratory rate on admission, Abbreviated Injury Score (AIS-8517)) to calculate Injury Severity Score (ISS17)), brain CT classification and outcome18,19) were obtained (Table 1) .
Head injured patients were classified into five groups based on GCS16) the same as RTS15). Severe head injured patients with GCS 8 or less were divided into three subgroups. The most severe group included GCS 3, the intermediate severe group included GCS 4 or 5, and the relatively severe group included GCS 6 to 8.
CT classification was essentially based on that of the traumatic coma data bank (TCDB20-30)), but we classified the evacuated mass group into four subgroups and the non-evacuated mass group into two subgroups (Table 2 ) because the outcome of each subgroup was quite different. The essential CT findings for the diffuse injury group were described in Table 3 . The volume of high-or mixed-density lesions and evacuated mass lesions was calculated from CT scans. Diffuse injury I20) (D1) shows no visible intracranial pathology on the CT scan regardless (Fig. 1) . Diffuse injury 1120) (D2) and 11120) (D3) show a midline shift of less than 5 mm and/or lesion densities, but a high-or mixed-density lesion should be less than 25 ml and should not be evacuated surgically. Diffuse injury II shows normal cisterns around the midbrain and the base (Fig.  2) , whereas, diffuse injury III shows compressed or absent cisterns (Fig. 3) . Diffuse injury IV20) (D4) shows a midline shift of more than 5 mm, but a high-or mixed-density lesion should be less than 25 ml and should not be evacuated surgically.
Patients in which each lesion was surgically evacuated were put in the evacuated mass group. Patients in the MIX group had multiple mass lesions, at least one of which was evacuated surgically. The combinations of lesions include SDH (acute subdural hematoma ) and EDH (acute epidural hematoma ), EDH and ICH (traumatic intracerebral hematoma ), SDH and ICH, and bilateral SDH. The CON group received conservative therapy without surgical evacuation for lesions more than 25 ml. The most common reason for conservative therapy was a lack of signs of tentorial herniation and confidence in a good outcome without surgery. The DNR (do not resuscitate) group had no ethical or social indications for surgery, because of zero chance of recovery due to very severe primary brain damage, complete brain herniation, extremely old age, and so on (Fig. 4) .
Since findings on CT scan can change within one day, the worst CT30) scan was adopted for grouping. Initial unconsciousness was necessary for the determination of diffuse brain injury2b). Out-of-hospital cardiac arrest patients were excluded in this study 11, 12) To evaluate the quality of emergency medical services, we made a special group consisting of eight trauma surgeons and two faculty members in the health services administration. spaces, but midline shift is minimum and less than 5mm (white arrow 2).
Fig. 4. CT scans of no surgical indication (DNR)
Both CT scans show very thick heterogenous subdural hematoma of more than 25 ml (white arrows 1 and 2). CT scan of midbrain level (Lt.) shows disappearance of cisterns around the midbrain (white arrow 3). CT scan of interventricular foramen level (Rt.) shows severe midline shift of more than 5 mm (white arrow 4). This patient was eighty years old and already had poor activity in daily life, so we concluded there was no surgical indication.
films and CT scans where necessary. At first, we calculated the revised trauma score (RTS 15)) from the registration records (Table 4) , and analyzed the cases using TRISS methodology13,14) to screen unexpected death (Table 5 ). At first, each value (0-4 point) for GCS, SBP and RR is placed in the chart. RTS is calculated as the sum of the product of each constant and value. Table 5 . Formula for Probability of survival (Ps)
The variable `b' is calculated from RTS, ISS and age. The constant `b0', `b1' , `b2' and `b3' is different for blunt and penetrating trauma. Then, Ps is determined using exponential `-b'. Table 6 . Decision-making tree to judge preventable deaths
The doctor in charge presented an unexpectedly dead case whose Ps exceeded 0.5 to the other members, then the authors made final decisions by majority vote after sufficient discussion. The decision making tree is shown in Table 6 . The results were analyzed using the unpaired Student's t-test and Fisher's exact probability (p< 0.05). New Scale to Extract Non-preventable Death Table  7 . Ratio of non-preventable death in unexpected death From April 1, 1994, to March 31, 1996, 3,476 trauma cases were admitted to the 10 trauma and emergency medical centers involved in the present study.
There were out-of-hospital cardiac arrest cases, all of whom were excluded from the study. Of the remaining 3125 cases, 747 cases died, and the other 2378 cases survived. Of the 747 cases who died, 189 cases had a Ps value of more than 0.5 and were defined as unexpected death. This was 25.3% of the dead cases. By peer review, we judged 84 cases as preventable trauma death (PTD) and the other 105 cases as non-preventable trauma death. The ratio of non-preventable death in the group of unexpected death was 55.6% (Table 7) .
Of the 3125 included in the study, 2195 cases in six major centers had sufficiently valuable CT scan data. There were 660 closed head injury cases whose abbreviated injury score for the head was 2 or more, and there were 346 severe head injury patients without other severe fatal traumas, whose ISS without the head was less than 50. Severe head injury was defined as GCS 8 or less on admission or before surgery.
We compared the mean GCS and mortality of each CT classification in these 346 cases (Table 8 ). In the diffuse injury group, D 1 and D2 have higher GCS and lower mortality compared with D 3 and D4 (p< 0.05). In the evacuated mass group, EDH and ICH have higher GCS compared with SDH (p< 0.05). EDH have lower mortality compared with SDH and MIX (p< 0.05). In the non-evacuated mass group, there are no significant difference between the GCS of CON and DNR, but CON have low mortality compared with DNR (p< 0.05).
The mortality of GCS 6 to 8 is less than that of GCS 3 and GCS 4 or 5 for the patients of D2 (p< 0.05). The mortality of GCS 6 to 8 is less than that of GCS 4 or 5 for the patients of D4 (p< 0.05). The mortality of GCS 6 to 8 is less than that of GCS 4 or 5, and it is less than that of GCS3 for the patients with SDH (p<0.05 ).
For the patients of the other CT classification, such as D1, D3, EDH, ICH, MIX, CON and NO, the mortality of GCS 3, GCS 4 or 5 and GCS 6 to 8 is not significantly different. In these cases, the GCS seems to have relatively little influence to the mortality ( Table 9) .
The mortality by CT classification and GCS is shown in Table 10 . The mortality exceeds 50% in several cells, but significant difference to 50% mortality which means Ps =0.5 exists only in GCS 3 to 5 of D3, GCS 3 to 5 of D4, and GCS 3 of SDH (p<0.05).
The other subgroups have small numbers of cases or mortality to prove the significance. Objective scale based on evidence or consensus is necessary to extract non-preventable death from head injury without other trauma
Discussion
The American College of Surgeons performed a major trauma outcome study (MTOS) from 1982 to 198914. Boyd et al.13) first announced the TRISS in 1987, which was also used in MTOS and became the standard methodology to assess the outcome of trauma patients.
We have used the TRISS methodology in Japan from 199511,12) , but faced difficulties in judging the preventability with reliability and objectivity by peer review. One of the difficulties in judgement concerned extremely old victims 14), who frequently die unexpectedly with only relatively slight or mild injuries. This may reflect preexisting illness or a reluctance to perform all procedures because of the patients age. We therefore decided to exclude trauma patients over 80 years old in this study. Another difficulty in judgment comes with severe head injury without other trauma . Most severely head injured patients only have an Injury Severity Score (ISS) below 25. Thus, the Ps should exceed 0.5 even if their GCS is the minimum of 3 without shock or apnea in patients under 55 years of age, and similarly the Ps should exceed 0.5 even if the GCS is 6 or less without shock or apnea in patients over 55 years of age (Table 11 ) . In 1992, Karmy-Jones et al.5 noted this tendency, and MTOS also revealed the same phenomenon 14). Peer review is indispensable for the judgement of unpreventablity of these cases, but to date only the reviewer's personal experiences have been used2,7-10).
For a reliable and appropriate judgement, an objective scale based on evidence or consensus is necessary. According to the results of this study, the authors would like to propose a new objective scale based on CT classification and the Glasgow Coma Scale (GCS) to extract non-preventable death.
The authors recommend the criteria of non-preventable death shown in Table  12 . We decide that patients whose mortality exceeds 50% significantly might be decided as non-preventable trauma death without further discussion by peer review. Also we decide that patients whose mortality exceeds 50%, but not significantly because of a small number might be considered as candidates of non-preventable trauma death at the peer review discussion.
We verified this new scale at the recent practical peer review after this study. We confirm that this scale coincided well with the consensus of expert neurosurgeons and trauma surgeons. We conclude that this scale makes the TRISS methodology more objective and reliable. To date, we have collected only 3,476 cases, which is not sufficient to make a definitive scale for other CT classification groups such as EDH or ICH, where incidence is relatively small. We are now collecting more cases and will propose more scales with the same methodology.
This article is the first trial to objectively decide the preventable trauma death of brain 
